In recent years there have been many cases of HAVS being reported for people who work in agriculture, horticulture, landscape gardening and forestry. The work described in this paper assesses the transmitted vibration to the human body from a hand guided power tool, means a brushcutter. As it is known the brushcutters induce a high level of vibrations on human operators. Depending by brushcutter's type, exposure time and human subjectivity, we can discuss about the vibration influence on human body. Long exposure to hand-arm vibration, whole body vibration and mechanical overloading is considered a potential cause of professional diseases.
Introduction
The relation between vibrations and back pain has been studied since 1950s [13] . Several studies have shown that prolonged and excessive whole body vibration (WBV) or hand-arm vibration (HAV) is considered as a general physical stressor and has been associated with a variety of occupational health disorders especially of pains in the hands and lower arm, back pain and herniated lumbar disc problems [1, 4, 5] .
Farmers are a group of workers often exposed to mechanical shocks, HAV and WBV. Hand held mechanical tools and awkward posture are low back pain risk factors [9] .
In a farm the most important sources of mechanical vibrations are the electro-mechanical tools. In it's daily activity a farmer can use one or more vibrational tools like handheld power tools, or powered machines which process handheld materials [10] . Here it can be mentioned: brushcutter, chainsaw, electric saw, wood planing machine.
Vibration emissions of brushcutter are sufficient to present an occupational risk of vibration injury. The body will take an amount of vibrational wave which it transmits to its entire structure. The human body can behave either as a vibration damper or as an amplifier. Its mechanical properties can be easily modified so frequent exposure to HAV or WBV can lead to permanent health effects.
The human locomotor apparatus is very important for the body movement. Vertebral spine is the central structural element that supports the upper body and shelters the largest bus nerve, so that frequently the disorders and spinal deformities have neurological consequences.
Spine disorders can be the results of vibration exposures combined with other factors. Working posture, anthropometric characteristics, physical workload, noise and individual susceptibility (age, pre-existing disorders) can bring its contribution on spine disorders.
Intervertebral disks function mechanically to support high compressive loads and shear deformations while permitting rotational flexibility [7] . The intervertebral disc (IVD) is prone to ruptures and degenerative process. Mechanical stress applied to the disc appears to accelerate the development of degenerative changes [12] .
The objective of this paper is to investigate the vibration transmissibility from a hand held and hand guided tool used by a farmer. We consider a middle farm, or a farm where there is no possibility to use a sickle mower which is a machine for cutting grass or other plants that grow on the ground, where the farmer need to use a brushcutter.
Materials and methods
Brushcutter's technical caracteristics. The brushcutter has equivalent vibration level (ahv , eq) left / right handle 2.5/2.4 m/s 2 (emission) ( fig. 1 ). It's engine power is 1,6 KW, maximum power speed: 11500 rpm, engine capacity is 34. 6 Participants. Experimental method consists in measurements on a healthy person, a man, able to develop its daily activity. He was observed for three years consecutively. The subject was about 90 kg, 180 cm tall, and 42-44 years old, healthy from medical point of view. Both hands of farmer are in contact with the brushcutter. More than that, the brushcutter has another contact with the human body on the right feet. The subject used anti-vibration gloves (Fig. 2 ). Hand arm vibration. The exposure limit value (ELV) is the maximum amount of vibration which an operator may be exposed to on any single day. For Hand-Arm Vibration, ELV is a daily exposure of 5 m/s 2 A(8). The Exposure Action Value is 2.5 m/s² A(8) [11] . It represents a high risk above which workers should not be exposed. Workers should use anti-vibration gloves to protect themselves against HAV. The hand guided powered equipment, has its own protection to vibration transmissibility, but they cannot completely block the vibration to acts on human arms. Long exposure to HAV is associated with White Finger Syndrome (WFS) or Raynaud's Syndrome. [14] . For Whole Body Vibration, ELV is a daily exposure of 1.15 m/s 2 A(8) and the EAV is 0.5m/s² A(8) [11] . There is no available any kind of protection equipment against WBV.
'On-farm' WBV and HAV exposure measurement. The brushcutter is an ustensille used by a farmer a few times in one year. If he use that for five times in one year and have to cut the grass from 5000 m 2 that means he use the brushcutter for 8 hours along of 5 days, means 40 hours exposure time.
All measurements were performed with vibration analyzer SVAN958. It was used a three dimensional accelerometer attached in different places on the human body. Contact body with the accelerometer it was provided by an elastic band ( fig.4 ).
The vibration axis were considered like in STAS ISO 8727/2001for WBV: The positive OZ axis is from the feet to the head, along the body, the pozitive OY axis is from the right to the left and the pozitive OX axis is from the back to the front (Fig. 2) , and STAS ISO 5349 for HAV (Fig. 4) . The weighted filter used is Wk for standing person and Wh for hands (STAS ISO 2631/2001).
Brushcutter is sustained by human operator on his shoulders and in the same time on his right feet. He controls it with the hands. Human operators position for the trimming operation is standing and little bended forward. Human spine is exposed to vibrational wave from two directions: from shoulders direction and from the right feet direction (fig. 5 ). The brushcutter's weight about 6.2 Kg provide a supplemented force that load the human spine and IVD. The outside temperature was between 24 0 C and 29 0 C. These were the full and real conditions.
The measurements were performed only on human body and in full load conditions. It was a real farmer that usually performs this job. The vibration analyzer do not created discomfort for the subject. First, the accelerometer was attached on the right hand. Its contact with the body was created between a special supports, right on the skin. An elastic band kept the accelerometer and its support in unmovable position. The Oz axis is considered along of the hand-arm. The position of accelerometer is like in figure 4 . The other measurements were on the left hand, on the right feet, on the lumbar spine, on the right shoulder and on the left shoulder. The vibration level on the left handle was higher that on the right handle. Figure 6 presents the contact points with the excitation forces. There are three of them right on the tool and two of them are on the left shoulder and right shoulder that sustain the brushcutter's harness. Point 1 represents the contact between left hand and left handle. Point 3 represent the contact between right hand and right handle. There is a strong contact between the tool and right feet in point 2. Points 3 and 4 are the area where the body sustains the harness: shoulders girdle. 
Results and discussion
Measurements working with brushcutter were performed on the right hand, left hand, right feet, left and right shoulder and lumbar spine. They were performed in the same activity but not in the same time.
For the right wrist the higher values were on OY axis, means lateral motion: right to the left side and left to the right side. The top RMS acceleration value was 2451.884 mm/s 2 (Fig. 7) . 
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For the left wrist the highest value is much smaller than that of the right hand. This time there is a top of value on OX axis, means from back to front side (Fig. 8 ).
Figure 8. RMS acceleration measured on the left wrist.
There is a big difference between the left and right hand values. It is own to different moments of measurements ( Fig. 9 ). Means that it is important to have measurements, for different places on the human body, in the same time for the same operation.
Figure 9. Comparison between left and right wrist
On the right feet there are some values comparable with right wrist. The contact with the human body is so strong in both places. The top value on the right feet is about 3069 mm/s 2 (Fig. 10) . It is higher than the top value for the right wrist (Fig. 11) .
The transmitted vibrations to the lumbar spine are to big (Fig. 12) ( Table 1 ). The motion is transmitted from five points. Overlapping vibrations of the five points of contact results in big values measured on the lumbar spine. Such high values, applied for a long time, lead initially to discomfort that can degenerate into serious diseases.
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Conclusion
The body position, and its angle with the vertical direction, it was not taken in consideration in this study, neither in vibration transmissibility thru human body.
Hands are both exposed to vibration. There is a difference between the measured vibration on right hand and measured vibration on left hand. The values for right hand are higher than similar values on left hand. This is a normal situation because right hand has principal duty and it is closer by engine that the other hands. That means that it is possible to have some amplified vibration thru the handle or this values can become from different moment of measurements.
When the subject uses the brushcutter, his right foot is a support for the hand held tool. The position of brushcutter's harness is on the farmer's shoulders. So the tool will transmit the emission vibration from three different directions: from hand-arms, from his right feet and from his shoulders.
The problem is that the vibration acts on the five points in the same time. So the vibration wave on vertebral lumbar spine are combined (Fig. 6 ). Prolonged exposure to these values of vibration has a strong impact on a human subject. While vibration values recorded at hands were framed in the permissible values, the spine measured values were above permissible limits. High levels and long exposure can cause intervertebral disc herniation among others.
One big disadvantage for this study is that the measurement has not been done in the same moment for each part of the body. It was necessary to stop the tool and move the accelerometer for each episode of measurements. In these situations there are possible differences between tools accelerations and its vibration emission. It can be differences even between work conditions: grass can have different orientations or dimensions and can be higher or less than before.
Anyway operator accuses back pain and hand pain after three hours of work. Also feel tingling in hands and right leg. Vibration emissions of brushcutters are sufficient to present an occupational risk of vibration.
Damping existing solutions are not enough. Gloves are good absorbers but not enough to eliminate the risk of disease or injury. Point is that the contact between the foot and the tool should be minimized. Need to be found solutions to minimize the transmissibility from handle to hands.
